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Abstract: The microscopic structure of Zingiber officinalis L., a medicinal plant widely used in
Uzbekistan, was studied and diagnostic signs were identified. The rhizome was round in cross section,
and its structural structure was determined to be of a parenchymal-ligamentous type. The rhizome is
covered with a number of oval-shaped rhizoderm cells. The primary cortex is formed from
meristematic cells in the middle part of the growth cone and consists of exoderm, mesoderm, and
endoderm layers. These identified diagnostic signs can serve to identify plant raw materials.

Introduction

Medicinal ginger - Zingiber officinalis L. is a perennial herbaceous plant with a thick rhizome,
belonging to the family Zingiberaceae, the class of monocots, and adapted to growing in warm and
humid conditions at an altitude of 1500 m above sea level. Ginger looks like a low shrub. It reaches a
height of 90 cm. The plant forms several lateral shoots, which begin to dry out when the plant matures.
Several stems grow from the rhizome. The leaves of the leafy stems are covered with a sheath that
wraps around the stems at the base. The upper leaves on the stem have a long sheath, and the leaf plate
is short, which is characteristic of this plant. The flowering stems are short, about 30 cm, and the
sheath plate is covered with short leaves. The flowers are collected in a spike-shaped inflorescence at
the end of the stem. The color of the flowers is purple-brown or yellow-brown. The stem is erect,
rounded, hairless, surrounded by the sheath bases of two rows of lanceolate leaves, the leaf sheath is
lanceolate or linear-lanceolate. The leaves are simple, dark green, arranged in a row on the stem. The
base of the leaves is heart-shaped. The flowers are zygomorphic, the inflorescence is separate,
consisting of a purple-brown or orange petal. The above-ground part is used as an additional raw
material, the main raw material is the rhizome, harvested in autumn. After drying the rhizomes (50°C),
they turn gray-yellow. The main components of the chemical composition of the ginger rhizome are
essential oil and phenolic compounds - gingerols and shogaols, which provide its pharmacological
activity.

Essential oil accounts for 1-4%. More than 100 components have been identified in ginger, the main
part of which (50% of the total amount) is sesquiterpenes - a- and B-zingiberenes, curcumenes, [-
sesquiphellandrene, B-bisabolene, a- and B-farnesenes, zingiberol, etc. Monoterpenes are found in
smaller quantities, which give the rhizome its characteristic smell - geraniol (9%), linalool (1%),
borneol, geranial, geranial acetate, isoborneol. The essential oil also contains aldehydes, alcohols,
ketones and alkanes. The composition and amount of essential oil in ginger is significantly affected by
the place of its cultivation or growth. The phenolic natural non-volatile substances that give the
rhizome its bitter taste are gingerols (up to 8%). Their main type is 6-gingerol, with smaller amounts of
8-gingerol and 10-gingerol. The numbers in the names of gingerols indicate the products formed when
they are hydrolyzed, for example, the hydrolysis product of 6-gingerol is hexanal, a six-carbon
aldehyde. During drying and storage, gingerols can be partially converted to the corresponding

Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License 149

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium
provided the original work is properly cited.


http://creativecommons.org/licenses/by/4.0)
http://medicaljournals.eu/index.php/IJIMM/issue/view/3
mailto:gulruhrahimova1970@gmail.com

International Journal of Integrative and Modern Medicine

shogaols, which can then be converted to paradiols, gingerdiones, gingerdiols and gingerdiol acetates.
The combination of phenolic non-volatile compounds with essential oil components and other non-
volatile substances (fatty acids) is called oleoresin. Its content is usually 3-11%, and sometimes it can
reach 20%. Ginger rhizomes also contain amino acids, proteins, proteolytic enzymes, tannins, lipids (6-
8%), sterols, fiber, vitamins, starch (up to 50%), mucilage, monosaccharides. Vitamins include
ascorbic acid, niacin, thiamine, riboflavin, as well as small amounts of retinoids and tocopherols.

The purpose of the study: to study the anatomical structure of the medicinal ginger rhizome in order to
identify specific diagnostic features for product identification.

Materials and Methods

To study the morphological and anatomical structure of the rhizome, it was fixed in 700% ethyl
alcohol. The anatomical and histological structure of the rhizome was studied on the basis of transverse
sections. The classification of the main tissues and cells is based on the classifications of S.F.
Zakharevich (1954), K. Esau (1969), N.S. Kiseleva (1971). Anatomical and histological preparations
were prepared by manual cutting, stained with methylene blue and mounted with a glycerin-gelatin
mixture (Barykina, Veselova, Devyatov et al., 2004). Photomicrographs of the anatomical features of
the leaf were taken with a Canon A123 digital camera using a computer microphoton device using a
BioBlue S/N — EC-2209333 microscope. Some images were processed on a computer using the
Photoshop CS5 program.

Results and Discussion

During the study, the anatomical and histological structure of the medicinal ginger rhizome was
comprehensively studied using microscopic methods. In the transverse section of the rhizome, its
general shape was observed to be round or slightly oval. Structurally, the rhizome has a parenchymal-
ligamentous structure, which is an anatomical feature typical of plants belonging to the class of
monocots.

It was found that the outer part of the rhizome is covered with a number of oval or elongated rhizoderm
cells. Rhizoderm cells are densely located and perform the function of protection from the external
environment. Their cell walls are relatively thick and smooth, and in some cases, remnants of the
cuticle were observed.

Under the rhizoderm is the primary cortical parenchyma, which consists of large, round or polygonal
cells. The presence of well-developed intercellular spaces between the parenchyma cells was observed,
which ensures the effective course of gas exchange processes.

The exoderm consists of 7-8 rows of cells, the cell walls of which were found to be significantly
thickened. This structure of the exoderm indicates that it is adapted to ensure the mechanical stability
of the rhizome and protect it from environmental influences.

The mesoderm part consists of large, isodimetric and oval parenchyma cells, in the cytoplasm of which
numerous yellow essential oil droplets were observed. The presence of essential oil droplets is directly
related to the pharmacological activity of this plant and is an important diagnostic sign providing its
medicinal properties.

Numerous closed collateral-type conductive ligaments were observed to be scattered in an irregular
manner between the mesoderm tissues. The vascular bundles are composed of xylem and phloem
elements, which provide the transport of substances. The closed nature of the bundles indicates the
absence of cambium tissue.

The endodermis consists of a series of cells surrounding the central cylinder, which are characterized
by an elongated-oval shape and relatively thin walls. The endodermis acts as a physiological barrier
that regulates the passage of substances into the central cylinder.
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Figure 1. Anatomical and histological structure of a cross-section of the rhizome of
Zingiber officinale: a — detail of the rhizome; b — rhizoderm, bark parenchyma and
exoderm;
¢, g — central cylinder and endoderm; d — closed collateral-type conducting ligament,
e — parenchyma and hydrocytic cells; Legend: 1 — rhizoderm, 2 — bark parenchyma, 3 —
exoderm cell, 4 — mesoderm, 5 — essential oil droplets,

6 —endoderm, 7 — closed collateral conducting ligament, 8 — parenchyma cells,

9 — starch granules, 10 — hydrocytic cells.
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The central cylinder is well developed and consists mainly of large, thin-walled parenchyma cells. A
large number of starch grains and essential oil droplets were observed in these cells. The abundance of
starch grains confirms the function of the rhizome as an organ for accumulating reserve substances.

Hydrocytic cells were also detected among the parenchyma of the central cylinder. It was assumed that
these cells may participate in water exchange processes. Also, the scattered arrangement of conducting
bundles in the central cylinder is an anatomical feature characteristic of monocots.

As a result of the conducted studies, the presence of secretory cells rich in essential oils in the rhizome,
the high accumulation of reserve substances, and the well-developed mechanical tissues indicated the
high medicinal value of this plant.

Conclusion

In conclusion, the anatomical and histological structure of the rhizome of Zingiber officinale, grown in
the climatic conditions of Uzbekistan, was comprehensively studied and important diagnostic features
characteristic of the species were identified. In particular, the parenchyma-ligamentous structure of the
rhizome, the significant thickening of the exoderm cell walls, the presence of large parenchyma cells in
the mesoderm and central cylinder, the detection of essential oil droplets and starch grains in their
composition, as well as the closed collateral arrangement of conductive ligaments are important
anatomical features for this species.

These identified morphological and anatomical features are of great importance in standardizing
medicinal plant raw materials, assessing their quality, and determining their species specificity. Also,
the results of the study serve as a scientific basis for the correct identification of raw materials in
pharmacognostic analyses, studying medicinal plant resources, and producing phytopreparations.

In addition, these results are also important for the comparative analysis of the anatomical features of
the Zingiber officinale species with other species, the study of the patterns of accumulation of its
pharmacologically active substances, and the scientific substantiation of the processes of introducing
medicinal plants.

References

[1] Dcay K. Anaromust pacrenuii. — Mocksa: U3n. Mup, — 1969. — C. 138-416

[2] Kucenesa H.C. Anatomust u mopdosorus pactenuit. — Munck: M3a. Beiuitmas mkona, — 1971.
—C. 89-119, 2015-227.

[3] bBapeikuna P.I1., Becemosa T.M., [desitoB A.I'. u ap., CropaBouyHHK 10 OOTaHUYECKOM
MUKpPOTEXHUKE (OCHOBBI U MeTOb1). — M.: M3a. MI'Y. — 2004. — C. 6-68.

[4] Tlomosa H.B., Jluteunenko B.U. JlekapcTBeHnHble pacTeHuss MHpoBoi (iiope. — Xapbkos, 2008.
-510c.

[5] Woparumos A.Sl. 3amka6un //IIIudodaxin nebmariap. Tomkent, 2016 —b. 247-248

[6] Jyotsna Dhanik, Neelam Arya and Viveka Nand. A Review on Zingiber officinale//Journal of
Pharmacognosy and Phytochemistry 2017; 6(3): 174-184 p 6. Ambre SG, Gaikar VS, Sharmale
MN, Mhaske PB, Phalke PL. Pharmacognostic study of zingiber officinale.// IP International
Journal Comprehensive and Advanced Pharmacology 2023;8(3):138-142 p.

[7] Abdijalilova Z.Kh., Yunusova Kh.M. The substantion of the tablet mass «Ambrol» composition
choice for tabletizing // World journal of pharmacy and pharmaceutical sciences.-2019.-Vol.-8.-
Issue 1.-P.260-266. (RG=0,13; SJIF Impact Factor 7.421)

[8] Ao6mmxammmoBa 3.X., IOuycoBa X.M. K Bompocy cranmaptuzaiuu TabIeTok «AmOpoa» //
dapmanusi, HaydHO-TIpaKTHYEeCKHH KypHai. CnenuanbHblil Beimyck.- CankT-IletepOypr.-2020.-
C.165-167. (15.00.00., Ne8)

[91 Yunusova Kh.M., Abdijalilova Z.H. «Research On The Choice Of “Ambronat” Syrup
Technology» // The American Journal of Medical Sciences and Pharmaceutical Research,
February 13, /Vol. 03, Issue 02-01, 2021.-P. 1-9. (ISSN-2689-1026, SJIF Impact Factor 5.64)

[10] Abdijalilova Z.Kh., Yunusova Kh.M., llkhamova N.B. Pre-clinical study of expectorant
properties of «Ambrol» tablets// International Journal of Psychosocial Rehabilitation, Vol. 24,
Issue 04, 2020.-P.2349-2354. (ISSN: 1475-7192)

Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium 152
provided the original work is properly cited.


http://creativecommons.org/licenses/by/4.0)

International Journal of Integrative and Modern Medicine

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Yunusova Kh.M., Abdijalilova Z.H. «Research on the Selection of Certain Content of
“Ambronat” Juice Syrup» // International journal of farmacy and Pharmaceutical Research,
Vol.:20, Issue:4, 2021.-P 62-71. (ISSN — 2349-7203)

3.X.A6mmwkanmunosa, H.D.Baxa6osa, X.C.3aiftnyrnuHoB. ['ematompoTexkTtop Tabcupra sra
Karcyja MacCaHWHT TEXHOJIOTHMK XoccajapuHu Ypranum // @apmarus Ba GhapMakoIoTus
xypHanu.-TomkeHT. 2024.-Ne3.(9) -b.54-60.

Zaynutdinov Kh.S., Aliev U. E., Abdijalilova Z.Kh., Ergasheva D.Z. Study of Specific
Activities of Black Seed Oil with Vitamin E and Black Seed and Sesame Oil with Vitamin E //
International Journal of Medical Sciences And Clinical Research. 2025. Vol.05 Issue04.- P.31-
35.

Zaynutdinov Kh.S., Aliev U.E., Abdijalilova Z.Kh. Experimental studies to assess the
effectiveness of "Pumpkin Oil With Zinc" And "Pumpkin Oil With Vitamin E" // Modern
American Journal of Medical and Health Sciences. 2025, Volume 01, Issue 06,-P. 22-30.

K. M.Yunusova, Abdijalilova Z.Kh, Kh.S.Zaynutdinov. The Peculiarities of Studies on the
Stability of Ambronat // International Journal of Current Science Research and Review. 2024.
Vol.07.- P. 1043-1049.

Abdijalilova Z.Kh, Yunusova Kh.M., Zaynutdinov Kh.S. Research On Stability Of "Bronchotus
Forte" Elixir // Central Asian Journal of Medical and Natural Science 2024, 6(1),- P.153-160.
X.S. Zaynutdinov, U.F. Abduvoxidova, Z.X. Abdijalilova. O’zbekiston Respublikasi
farmatsevtika bozorida parkinson kasalligida qo’llaniladigan dori vositalarining kontent tahlili //
Farmatsiya va farmakologiya, Ne4.(10). Tomkent 2024. -C.86-94.

Abduvokhidova U.F., Zaynutdinov Kh.S, Abdijalilova Z,Kh. Analysis of the assortment of drugs
used in Parkinson's disease in the pharmaceutical market of the republic of Uzbekistan //
International Journal of Medical Sciences And Clinical Research 2025, Vol.05 Issue02, -P. 16-
24.

Z. Kh. Abdijalilova, K. M.Yunusova, K.S.Zaynutdinov « The Peculiarities of Studies on the
Stability of Ambronat » // International Journal of Current Science Research and Review ISSN:
2581-8341 Volume 07 Issue 02 February 2024 DOI: 10.47191/ijcsrr/\V/7-i2-18, Impact Factor:
7.943. Page No. 1043-1049.

Enuceesa Tarbsna, Tapantyn Anéna. UmOups (nat. Zingiber) // Journal.edaplus.info - XKXypnan
3mopoBoro nuranus u aueronsoruu. United Kingdom, London, Unit 2 Cromwell industrial estate,
Postcode E10 7QZ, ¢c. 23-24

Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium 153
provided the original work is properly cited.


http://creativecommons.org/licenses/by/4.0)

